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Selection for TnlO T« i'-'^t ' ^ ^ 

"mutagenesis in the DNa Binding Motif 
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T^e? lilr^^^' - ™P««n rmo confer, 

ar.bou"db;?«2;SL"^ V'- which 

cycline binds to TeV7«^Lr ?i J 

DNA binding acr;vitvT<^ , r ^^ °f 

Th«e features are ,umn,arfeed in Sl^; iM4). 

PjWeon ammo acids S4 and 107 of th- 2fl» 
^mmp acd pnmary structure (Po„^ j.^^^ 



MATERIALS AND METHODS 

^-^Tu^. FedcJ public rfTc^r«""tJ[^^"' 
grown on£. «,« 3C702g^2wm,^^<,;^::!£* ^' 




with iW by T4d'r7 mi^jvi ™* °= cotransduecd 

and derivative. di*nf^ ?v,^^**!Lf ^ MlSmpS phige, 
WfTH 1971, and 4;rfIaS v^^'^^^'^^^^dBEc^ 

fo.- pbuirSd DS/[^fai!j2 « a mutator 

or X7029 0»«^wr£'J.Ts^^S\^?;' <^«^ 
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DNA s«qpAeziCB analjrsesi S]ng|i^»trandcd Ml 3 DNA And 
daublc-scnmdtd pluniid PNA were sequenced accordingf 
to ih« method of SAMO£it, KtCRLGN and Ccmsoitt (1977) 
and Hattob;z and Sajlaki (1986). 

Detenainattoji of ^-eBlactaadue mcH^t^fun Assays Wfe 
done exactly as described by MillEr (1972), except that 
culture* were gnawn in LD auppldmcnied with the appro- 
pmtc antibiotics. For irnluction »udi«« overnight cultures 
wcrt grown in the pretence of 0.1 Mg/nl tetracycline, 
whereas 0,S fi^tn\ were added to log cultural, All measure- 
menu were repeawdat iem twice. 

Media, eiszymes and dtesnicala: Media suid gencnil 
phage techni^fUea have been de8K:ribed (MnxCR i97S; Man- 
lATK, FarrscH and S^t4BKooK 19S2). Antibiotic* ai\d <>- 
nicrophctiyW-I>gHlact05ide obained from Slgroa, St. 
Louk Resiriti5cin endonucleaw, ^ <wW DNA pdhrmmse 1 
lat^e frtigmei^U T7 polymetaoe, oilf intestine aikalirie phti^ 
phatase and T4 DNA lipase vere parcha^d either fram 
New England Blalabs (SchwalbachJ, Pharmacia (Frciburgj, 
Boehringer (Mannheim) or BRL (Drcieich), ATP, deoxyri* 
bonudeoflide triphosphaifii and dideoxyrtbonudcoside tri- 
phosphates were obtained from Boehtinger (Mannheim). 
[<r-**P)dATP (400 Ci/mmol) wru purchased from Amenham 
(Braunschweig). OJigonudeotide* were synthcsiT^^d using an 
Applied Biosyscems hutoninted DNA «ynthc«xcr model 
3S1A. 

Malecul«r techniques! Mutagcilcsb of Tei reprCMor po- 
sitions 46 to 49 was accompHshtd by mutually primed syn- 
ih^ti of degenerate oligonucleotide! ai? detailed by HiLL 
(19S9). The sequence of the oligonucleotide was S' 
GCCAGCATCTAAAAAATAAGCOGGCCCTGCTCG- 
ACGCGTCGACC 3'. Bold Icttcn (bajcs shown arc wild 
type) kndicELt« that 6-7% each of the three noiv^ldrtype 
ba*ei were added at these positions dunng synthesis of tn* 
oligonucleotide. 

PUsmvd^i Plutnid pWH410 contains a fusion of the Ut 
regulatory region to the tac operon (£«fA-/«c^ fusion). It was 
derived ^orn pMCI403 (Ci$ADABAN« ChqV and CoHEW 
1980) and allows &lac £. €e(i strains to grow on lactose as 
the sol6 carbon source. Plasmid pWH414 dlT?m in two 
aspects from pWri410. First, it carries a tetMad fusion 
(Figure 2). Sccondr it contains a one base pair fraiv^e&hift 
mutation &c the fusion of UiA and l»eZ. Thu rendm Alac 
E. coli strains unable to grow on lactose. Nevertheless, 
phcnotyptcal detection oF/S^lactosidasc ^cttvily with X-Gal 
is still possible, 

Traiudominance wa« analyzed in strains containing 
pWHS3&. This plasmid is a pBRSSS derivative in which the 



exprcffton bf tht uansposon TtilO" 
wicodtd t*trecy«tintifeslsmic« dc- 
tcrminMC. Botih genes UiA (modin^ 
the KifaianeB protein) »nd tetR (en- 
coding ths Tqt i c y rc M 6r> arc in^- 
cated. Their dlvet^nc cyprculon U 
»ymfaQlT2cd by wavy Unes CEstrapDnd- 
tn^ to the r«^pea]ve mRNAi. The 
ticnn^ Iff/ rcgubtory ncgion corubta 
of Acvcral pTDinoieri (rtot ahawn) and 
the ivfo tflj opmion Oi and Oi rep- 
JTunied by hatched boxes, Tetracy- 
cline U Ihdlcitcd by the small rectan- 
gle vhich binds to and indices Tei 
VEpr&uit, The Figure wu adupord 
frQti) WUSMANN »nd UnJL£lf (] 989), 



Ut reguhtory itglon was deleted yielding pWH806 and the 
promoterless TniO uUt gene insenea resulting in tow 
level constitutive expression (Mtt-tcn-Kn-t, Crafo and Gnu 

Plasmid pWHUl 1 wa^ used for the cassecte muugiencsis 
and as a derlvadv< ofpACYC 1 77 (Chanc and Coke^ 1 978) 
is compatible to plasmlds derived from pBRfl23. It confer? 
resutance to chloramphenicol and contains a constitutively 
cxprcttcd hiR gene. To allow cloning of «hort gligonvcldo- 
dde cassettes between singular restriction sites, the sequence 
of the UiX gene wa^ altered u-ithout changing the encoded 
protein scqucDO:. pRT240 is similar to pWHHIl, except 
that it conrers resistance to kanainycin and eoniains a wild- 
type Iff A gene (Bs»tiiaN£i et al 1984; Meier, Wkay and 
Hkllen 1988). 

The pACYC177 derivatives pWH1200 ;ind pWH^SOl 
(AZ-TSCHMtED at. 1988)» pUC19 (YANTacH-PtRBON, 
VEEBtA and Messing 1985), pWH483 (Motk» W^iay and 
HiLL£»r 1988) and pMc5-8 (Stansbkhts aL 1989) have 
bc«n described. Plwanid pWHlOl2 {SumoviSi c»/. 1990) 
with divergent ^-ga/K Bnd UtS-l^Z iranscriptlpnal fusions 
was used for quantitadvc artidyses of T« repressor binding 
to operator m vivo* 

Phage coMtTUctlons and ctosm: pVVH483 was digested 
with and Smal yielding a I930-bp fragment with the 
ii^niire galK gene- In addition, this fragment cantaim a 
segment of ISO bp with tratisbtiDnal stojps in all three 
reading frames $ ' of the gene and a \t ' terminator fallowing 
the SVnd otgolK. After filling in the protruding ends the 
fragment was cloned into hfincH Knearijted 'M13mp9. A 
candidate with lac dependent transcription of galK was 
named mWH22. a second laz operator with the proposed 
idea) binding sequence for Lac reprewor {Sa0L£R, SaSMor 
and BCTZ 1983) was cloned 19 op upstream of the start 
codon for galK into the single Nrvl site of inWH22 yielding 
mWffSB. in this twstruction palindromic centers of the 
two lac operators are separated by bp, The galK con- 
struct from mWH2$ was recombined into the la^ sequonces 
present on )^htc5 to yield XWHS5 (Yv and Reznikoff 
1984). Since il^ia phage carries the allele from ^plac5, 
coH strains lysogenfzed with this phage were grown at 
temperatures below 83 * . 

The construction of phage XtciSO has been desoribed 
(Smiih and BCkntAND l9Sfl). Jl eoli NK5031(Atet50) was 
Created with mitomycin C and the resulting phage lysat^ 
used to lyiogenllef. rsoti WH207. 

Selection of tenperacUfe-aeontlvB Tet repmiwor ttiu- 
tKnts; Muotgcniced pB.TS'lO was cransformed to £. ccU 
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in minimal medium with nLtrtA^!; u « 2a 

^Rsn^H^r ^^-r^^^^r -ts^'Sf 

rr. -u. ■ . colon ha tiaii$F«m:d 

rotype, u-*re scared after incubation » 28 'for 2 S« f 5 

denvativcs with ppomoor ui Fusion*. EtoRI/Sm DNA 
fragmenB conuioini were then iiuened h>io the ro- 
spe«,vc sites ofpWrflzoOandpW 
■eu of pl»tiiid5 >vith bWHljna A^«^ii 3-__^_ 




V 1 '^.i'""""" Mia pwHlZOl. Thi* yielded two 
«^ of pl«ni.d3 with pWHlSoO derivatives dir^n 
high," and pWHlSOl d*rivad»w dir«:ting . -S^lltd 
cowjtutive expression of UUi in vivo (BaiTltANO J 



RESULTS 

SelectioJi of T« repr«.or Wading to m op«raion 
The selection make* use of the W directed exjrtstion 
of divergently ;inanged and Wgen«. BindiiiK 
of rcpreesop tQ the ut openuoi, turns off transcription 
of both gtn« resulting in l^Z- S. coli colonies. At the 
Mm* Uftie. the iibsence of Lac repressor allows ocpi^j. 
*ion of a galaciokinase gene driven by the th^ lac 
regulatory region. This enables the E. «oli suain to 
use galactose as the sole carbon source. In the absence 
of Te reprc»or binding to Ui operators. lacZ as well 
as /tf^ arc expressed, lac repressor binds to the lee 
operators and prevents iranscription of gatK. The cell 
cannot uiiUtc galactose as the sole carbon source for 
growth and displays a laeZ- phenotype. 

The selecuon system consists of two plasmids and a 
A prophage and is depicted in Figure 2- p'WH414 

tha t both a tflR-lacI tianscriptional fusion 'as well as a 
t»A-lacZ fusion are present on ihe same plasmid. Tet 
repressor is supplied in innt by a second compsiible 
pl:«mid (pltT240,. The third Component ofT sy^ 
tem « the prophage XWH25 which pioviArs a single 

WH207 and has ago/ operon with the galKZ mutation 
(see Materials and methods). 

A qualitative analysis of this system shows that all 
components behave as anticipated (see Table 1. lines 
I "It* . A i^*' P^'^f"" repntssor. the stmin 

^f'""^ (''"^ ^' e^'*'^"'* "l*^")- Ir. the 
absence of Tet repressoi-, the stmin i$ «/- (line 1 
gafaccosc ± tetracycline, line 2. galaao^ + tetract: 
clme). In Che absence of Tet repressor, lad repression 



B«ic in PIIT240 i„dim.. th« «n,nK«>X".i^l7f«m Sel^ 

th "^""^ ka^Sn rL£ 

•Me gene. The ,rrow m pWH414 indicDre, ihe Ua «nc T« 

w a aimer and Lae reprcsgor » a teiramcr. 
TABLE 1 

rt fpttu^ni Lae rapnsMr depotdcnt of 
plaMoloBuc in B. (vlf WB207(X'WHifi) 



Cravrth vn« phenot)>pc aratiaw «n 



T«« eiu- 
""WM TEpniMr am 

♦b 

+w 
+b 



pWH4U + 
pWH«l4-2A - 
pWH4l*-2A + 



««« +IPTC te,R«yd;n* 



+w 

V-b 



buttcn.1 film v„,bie, v white «.I™ir.;nrf -b" blue aio^« Th2 
lion, gf inducers wc« 1 O^^m for ZPTcS « / 1',' 

ran be partially alleviated by addition of isopropyl 
^logafactoside (IPTG) (line 1, galactose + I?TG) 
compleie derepression is probably not achieved be- 
ausc Lac repressor is present m such a high amount 
'^n ::.7o% ^-^-^ « lPTG?oncent.! 

on™.^"* ^ith an 

ll^Z •?"«""."''*,»>^"«tion to demonstrate the 
r!^^ "'^ f^n^tpiaJ M operators for the observed 
regulation. F«- tills purpose pWH4l4-2A was used 

w^lv ^^Pxf ''^^^ ^ operators. Moia. 

l^y- ?^ '"^"^ «how„ chat diese 

tnuut. ns reduce binding of Tec repr ssor by about 
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three fd » of magnitude. The phcnotypes in the 
prts ncc and absence of wild-cype 'Tex repressor are 

anricipated (see Table 1, lines B and 4). Growth n 
glucouc yielda hcZ* phenotypcs while growth on ga- 
lactose does not occur irrespective f ch presence ot 
Tet repreasoi:. In the presence of galactose and IPTC 
this stmn grows and is ditZ*" (cee above). 

For a qusndtadve determination of the selection 
efficiency, mixiuTe* of strains were grown on selective 
plates, The*e contained celU with the compoticnw 
shown in Figure 2, and an excels oF cells In which 
either the repressor encoding plasmid pRT240 was 
repkced by the vector widioui txiR^ or the wild type 
operators (pWH4H) were replaced by their consiitu* 
tive mutants (pWH4l4-2A). The results demonsmte 
that 30 cells with wild-type Tet repressor and let 
operator can be efficlendy selected on a Single plate 
among 10* cells with either no Tet repiressor or the 
Ifit operator muxadon. No white colonies indicating 
repression of lacZ by Tet repressor are selected as 
^Ise positives from 1 0^ cells. The appearance of a few 
blue colonies might be due to spontaneous mutadons 
of the UcF gcoc. It is the advantage of the divergent 
m regulaEory region that these candidates can be 
easily idemified and discarded. 

Tecnpetature-sensltlve Tet repretisor mutants: 
Temperaturc-sensidve Tet repressor mutadons were 
selected by their ability to confer growth on lactose at 
42** and growth on galactose at in appropriate £. 
coii strains (see MATERIALS AND M£rrKoi;)s), Seven par* 
nllel seleaions using individual preparations of 
pRT240 from the £. cati mutator strain KD1067 
(Decnw and Cox 1974} were carried through. Five 
of these selections yielded colonies which were blue 
at 42** and white at 28" with frequencies ranging 
from 2 CO 65 9S. Tlie $^tR genes frora one candidate of 
each of cbe seven selections were sec) uenced. The 
obtained mutations are displayed in Figure S. 

Temperature-sensitive Tec repressor mutants con- 
tained cither a glycine to glutamic add exchange at 
posidon 21 (GE2I) or an an isoleucine to aspanigine 
exchange at posidon 193 (IW193). The latter was 
independendy selitcted four timtss* Another mutant 
(see Figure 3) isolated by a different approach contains 
an alanine to aspartic acid escchange ac posidon 89 
(ADS9) and was included m the further in vivo anal- 
yses. The two jtiutimts without a lemperacure sensidve 
phenotypw were identical and had a C-ternunal delis, 
tion <A141). The wild-type and mutant tetR genes 
were rccloned resulting in two sets of plasmids dlrect-r 
ing either '*high*' or "low" level expression of teiR. 

The mutants were assayed in vivo for repression of 
a iitA4acZ fusion at 28', 37* and 42". Furthertnore, 
indudbniiy by tetracycline and transdominanite over 
wild type was tested* Tlie results are presented in 
Table 2. Tet repressor mutants GE21. AD89 and 
INI 93 display a clear temperature dependency fi^Z 



cainad &Dm the icloctiort For bRnp^mure seiuidvc v^tffincs. The 
Tat TCpnes$of proUnA vnih -a. tobt kngth of 207 amino add re*ducj 
ht repmcnted by n Urwir bar with both Ui« N- and &cerr»intJ ends 
tndlc»ced» The mWd portion d^tine^ thfe poeencial a4>eUx-iui'CHx- 
hdix modf. ^hich ij thought to be Involved ill QNA b'mdtn^ (amino 
add nsqducs S6 m 47i I$ACXSONmid BlUtTbAMCi 1985), The region 
of the proton for which vnMUmu have been obtnined ihat ttrt 
deTeciive for induction by ictnwydln* u hatdied (amino idd mi- 
ducs 64 to J 07; SitfTTH and fintTttAXD iSSB), Finally, a region of 
protein th^t flhowy a high di^gree of variability whon fe^uencc^ 
of n^tt$»or prouins froni (h« (l^e known tcfiisttutcc clai^ej A 
U^fough £ m compared has been mArVed by crosahaidi'mg O^mino 
■cid rsdjduM 151 la Ififi; To^Ak;, Eunst ttnd Hnxrnf ig$B). The 
glydne to ^ luoimK stdd adiMngcst podrion XI u due co a Krumtion 
or t; to A I the eKchlinge of Uoleudnc Co aapttnginc ac poaidotl 19S 
if the mult of a T to A cranivcnton »nd tlie deletion of one O In 
n run of four Gs Uodi to a £ra*Ticihift resuUtng in « C-termit^ly 
ddntd Td rcpreoor pro^in wich a total length of l4l rMlduac 
A/>inhcr lempAmun- MnjiHvc mutant which wsu iiolatcd by a 
irigfaUy difTtr^m proc^durr (mubgenisod paTS4D was trani- 
rom«d to £. all conminin^phumid p1VH4 lO and mlildn^ 
truuTomisiAU inalyied Tor thetr (uZ phenotypc en X-Cal pbces 
38* and 42*; M. GEBMNDflfAFEB. J^nd W, HiLLBv, uttpubfishfrd 
retfVhs) ^ alio mclbdcd In ihi$ Aiudy. Thtt mutant coticalnA lut 
exchange of ithntne to upartic add m poiliion S9 af the nsuli of & 
C lo A mnsvcr^Sen. 

repression, as evident fron\ the rauoSj whereas mutant 
AI41 does not show repression in this sy&tem at all. 
At 28' and a "high** level of UlR expression IN193 
shows almost wild-type activity and is clearly more 
active than AD89, On the contrary at a ''lov" icvel of 
utR gene expression IN 193 is not as efEecdvt as wild 
type and is even less active than AD89- The repression 
efficiencies encoded by the "high" expression plasmids 
are 95- and dOO-fold higher for aD89 and INI 93, 
regpcctivelyp than the ones found in the "low' expres- 
sion plasmids, AJ0d9 only partially inducible by 
tetracycline, whereas the other mutants can be fully 
induced. GE21 and AD89 arc transdominant. 

Combinatorial mutagenesis at tfae C CeiminuA of 
the putative DNA ]'eco£|[iutiDn a^heUx of Tet repre»* 
son Assuming that Tet repressor contains an a-helix- 
curn-a-helix modf for operator recognition (Fo9iX£, 
NctOTN and BerTRaNP 1 984; Pa» and Sauer 1 984; 
IsACKfiON and Bestrano 1985), it is very likely that 
position 46 is part of the a-hclix, whereas the second- 
ary structures of residucff 4*7 to 49 remain unclear. 
To gain information about their possible participadon 
in operator binding a combinatorial cassetcc mutagen- 
esis (R£II3HaaK-Olson and Sauer 19SB) of Tet re- 
pressor was performed (see Materials and METHons) 
OS shown in Figure 4. Mutant plasmids were trans- 
formed lo E. coli strains that either do or do not allow 
selecdon for ut operator binding of Tet repressor, 
teiR genes of candidates from both procedures were 
sequenced in the region of mutagenesis. Thirty-four 
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High 
U\gh 

Low 
Lour 
Low 



OoS '''^•^t"-^) i00.0(i*,9) 

°-'^=*^'*^ <^-^<«-U 

0.8 (±0.1) 43,2 (±3,1) 73.2(±5.6J 

O.I(i0.1, 20.3 (±1.B 69.2 *1 S 

90.4 *1.9) J04.4(*(S,8J lOD.O Xd4 

29,7 (±3.d) 5L7<±1.9) $5.8 « l 

fiM(±I.|) 86.1 (±7.8) 97.4 (±4,1) 



I 

4.7 
54.Q 
20.3 
1.4 
1.7 
LO 
i.S 
1.1 



100.0(45.1) 100.0 (±4,5) 
1-3 (±0.3) 06.7 (±2.8) 
4a.6<±a.9) 104.8 («0) 
4.6 (±1.3) lfi,B(±I.i) 
1.3 (±0.8) &fi.7C±2.4) 



'oao(±4.i) a.O(*o.i) 

1-1 (±0.0). 1,1 (±0.0) 
?^-3(±l,|i) 18,5 (±1.5) 



73.4 (±0,2) 
(iO.fi) 
97.2 (±4.5) 



5.7 (±0.3) 
Lfi (±0.0) 
(*0.2) 



LO 
0.4 
6.4 
^.0 
0.6 
0.9 



except for 

ulturei wer' then grown ^T^: AD89„d {siQi 

!»na> . — .„^.._ „:^vzr. * *• 'epra*jor wiihttut addition 



1 cc ropr«<or. 



;!; ™ r ^ ;:: !^ f - ^- --^ •« 




*ffercn. mu«„u w,th either ringl. or mulilpl. «. 
Change at positions 46 49 wert obtained and 

f"/ '«P'-*«!°" »f a ^tA.tacZ fusion at 
Z8 and 37* and for tctracydlne ixiducdon. 

All mucinr, isolated with s«I«tion for Tet r™r««r 
binding to w operator give ri,e ,o vald-tjjr /acZ 
r.p««ion a. 37'. The only exception wasTtripk 



mutant .Jich .howed a ,Jg„!ficant dcr.p.es«cn of 
^rZ. At 28'. which waa the «mpejature used for 

Single amino acid exchanges at positions 46 and 47 
had no detectable effect on «pr«*or activity (data 
not shown). Three of the five mutants « position 48 
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tnoudiori 






+T«T»cyciJnc 


Nortt 




J00-0(*5.6) 


100.0 <±9!.Q) 




l.7(±0.l> 


l.4(±0.2i 


104.7 (^7.4) 




ND 


1.6(^.1) 


ND 


KQ4fi 


3.0 (±0.4) 




105,7 (±6.2) 


KK14a 


l.B(±0.&) 


B.6{±1.0} 


NP 


KM48 


Nil 


U(±QA) 


ND 


K'r4B 


lS.d(±0,6) 


45.J (±5,5) 


J06.2(±2.1) 


RQ49 


ND 






RG4g 


NU 


1,4 (±0,2) 




RP49 


ND 


1-S (±0.1) 


»2.4(jk].&) 




NP 


1.5 (±0.1) 


105,0 (i:M) 



jffoCSataecoslebie dercrminiuioni w«re performed in £. cd(J 
WH207 (Xttt50) with pU«nW« encoding the gtvcn T« rtpreupM. 
Vaducs urc given as per«t:ilta^«» wiih rtigA-nl w the Amount of 0* 
f^-okKtosicUxc mcuEurcd for chia $tnim catltuimng pbSmid pMc5-S 
under the s{>cdn< Qxpcrimcntal cendidofu (ip^afwd as *'no[i6* m 
(he table). Mo&uremcni5 vctq earned out with Ktr^ns gro^ 
28" und S7', with the re$pccuv« overnight eulturei gr<iwn at the 
Hutiic Lempmiurcifi Inducdon wlih cetmcydttie aiUo done at 
it7« (for dcroHii jtec matevexau an» MtnwiM). 

showed 4 lower than vnld-type TCprcs^ipn activity 
(Table 9). The mutatics at posidon 49 did not affect 
repression cadencies but two candidates dj^lay^ 
only p^riiat inducibUky by , tetracycline- Multiple 
amino acid e^cchan^ at poainons 46 to 49 iAfluenced 
che repressioti activity only if position 48 was altered 
said the tetracycline inducibiKty only if position 49 
wa5 altered (data not shown). 

DISCUSSION 

Sclectioa of Tet repre^fior binding to tet operator: 

The selection described %bave is very efficient, be- 
CQUSr single cells with wild-iype Tet repressor binding 
to wild-iype $Bt operator nr^ found among a viB«t excess 
of up to 10" Cells with either no or reduced binding 
of Tet repressor to Ut opentior on one pluti;* The 
results With the 2A tes operator mutation show that 
Tct repressors must have an association constant of 
greater than 4x10** M~* to tgt operator in order to 
be selectable in thw system, 

TexaperatuTe-senvitive Tei repressor nuitantfi: As 
depLaed in Figure 3. CE21 is located in close prox- 
imity to the proposed of-helix-tarn-«-helix element. It 
is the weakest DNA binder and shows the strongest 
kransdominanl phenoiype of all the mutants analysed 
in this study. This mutant has been isolated previously 
by I$ack$on and Bhrtrakd (1985)* but the authors 
did not describe the temperature dependent <:ffect we 
have observed. We speculate that this mutation may 
Imcrfcre with the positioT^ing of the DNa binding 
moctf. 

AD89 Is located in a region where noninducibie 
mutants have been mapped previously ^Smtth and 



Bert&aND 198S), In agreement with these results it 
shows only panial induction by tetracycline but also a 
transdominant phen type- Ai xh same posidon 
Smith and B^TKANd (1988) have alsp isolated a 
mutant (alanine to glycine) which allows only partial 
induction by tetracycline. Since the residue ai position 
89 affects both the DNA- and the induc^r-binding 
domain it may be involved in structurally traiumicting 
the signal of inducer binding to the DNA recognition 
domain. 

Mutant IN 1 93 is located in die C terminus, to which 
no function has been assigned so far. It gives rise to 
the strongest remperature^ependent efFect observed 
in the course of this study. Tetracycline inducibility 
as &r as detectable in our system Is not affected and 
transdominance cannot be observed. When overnight 
cultures for ^-galactostdase determinations were 
grown at 28° and log cultures were incubated at 42* 
mutant IKl 93 retajfu a much higher efficiency in hcZ 
repression ihan AD89 (see footnotes to Table 2). This 
phenoiype corresponds to the t^j (''temperature-scn- 
sirivc synthesis") mucanu fint described by Sadler 
and NoviCK (196S), where the oligomerized protein 
retains function upon shifting the culture to the non* 
permissive temperature. Assembly of new dimers is 
inhibited at the nonpermissive temperature due to 
eid^er a defect in foldiJigoFthe ntonomer or inhibition 
of dimer formation (Goldenberg 1986). This might 
indicaie that IN 193 dimei'S already formed at are 
not inactivated upon raising che temperatui'e to 42°. 
Oti the contrary, it has been shown tn vitr^ for mutant 
AD89 that shifting the temperature to 42' dearly 
inactivates the protein (B. Staoe and W. Htllen, 
unpublished results). Western blot analyses have 
shown identical levels of wild type and IN 193 when 
grown at 28° while at 37 no IN193 protein is de- 
tectable; (C. Bereks and W; HitLtM. manuscript to he 
published). Taken together with the large increase la 
repression with concentration (see Table 2) this leads 
us to speculate that position 195 of Tet repressor 
might be involved in dimer formadon. The C termini 
of Tet repressor proteins from five resistance classes 
are rather homologous. They are preceded by a hy- 
pcrvariable region (amino acid residues 151 to ) 66 of 
TnIO Tet repressor; see Figure 3 and Tova*., Ernst 
and HILIXN 1988) which could indicate a possible C- 
itfrminal dimerization domain of Tet repressor. 

T^t rtpressoT mutants at positions 46 to 49: Sev- 
eral of the Tel repressor mutants at position 4S show 
reduced DNA binding activity. This suggests that 
LyS^" either directly contacts DNA or that k partici- 
pates in adjusting the structural conformation of the 
DNA recognition o-helix* Mutants at pcksition 49 of 
Tet repressor show wild-type DNA binding, but in 
some induclbility with tetracycline is reduced. This 
phenotype can result from three effects: (i) reduced 
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binding of induccn (ii) interference with the confer 

and 107 (SMmi and Bjertrand 1988). in a i«<»iJ 

su^uor, ihai some show reduced binding of 
c me m intrc «ugg«» thai ihi, region fonwioTSl 
binding sue for tet««ydin,. ThusfArg 5, 

S'JdS^ - 'r*'" *^ -DNA side- c?ir; 

site. However, *uperrepi««rion as a result of addition^ 
Tepressor^onopenitor complexes 
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